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Objectifies . The aim of this study was to compare peak reactive
hyperemic blood flows in the forearm and calf of patients with
congestive heart failure and in age- and gender-matched normal
subjects . In addition, we attempted to correlate peak oxygen
consumption with forearm and calf peak reactive bypereade flows
In the patients with heart failure .
Background.Disparate results have been reported regarding
forearm peak reactive hyperemia in patents with congestive heart
failure. Because training significantly increases peak reactive
hyperemic flow in normal subjects, we hypothesized that in
patients with congestive heart failure who curtail walking because
of exertional symptoms, calf peak reactive hyperemic flow would
be preferentially attenuated and that impairment of calf vascula-
lure may correlate with peak oxygen consumption.
Methods . Forearm and calf blood flows were measured by
venous occlusive plethysmography at rest and after 5 min of
arterial occlusion in 46 patients with congestive heart failure and
7 age- and gender-matched normal subjects. Peak oxygen con-
More than 2 decades ago, Zelis et al. (I) showed that the
vasodilator response of the forearm vasculature to various
stimuli was impaired in patients with congestive heart fail-
ure. Although patients with congestive heart failure did
compensate by increased oxygen extraction, the reduced
vasodilator response of the forearm vasculature limited
exercise capacity (2) . In contrast, several investigators (3-5)
recently reported that the forearm vasodilator response to
exercise was similar in nonedematous patients with conges-
tive heart failure and in age-matched normal subjects .
Because measurement of peak aerobic capacity requires
participation of X40% of the total skeletal muscle mass, and
thereby involvement of the lower limbs, it is probably more
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sumplion was measured during graded exercise on a bicycle
ergometer.
Results. Calf peak reactive hyperemic Now was lower in
patients with congestive heart failure than in normal subjects
(22 t I
vy 32,5 ± 3,5 Wmh per 100 ml, p < 0 .001), whereas
forearm peak reactive hyperemic flows were similar in the two
groups. Calf peak reactive hyperemic flow was linearly related to
Peak
oqya
consumption (r = 0
.58, p < 0 . I1, but forearm
peak reactive hyperemic flow was not . Forearm and calf peak
reactive hyperemic flows were not related at rest or after 5 min of
arterial occlusion in the patients with heart failure .
Conclusions . Calf peak reactive hyperemic flow is reduced In
patients with congestive heart failure, whereas forearm peak reactive
hyperemic flow is identical to that of age- and gender-match
normal subjects . Calf peak reactive hyperemic slow is linearly relate
to peak oxygen consumption in patients with congestive heart failure,
but forearm peak reactive hyperemic flow is not .
I - Co . :1399~40-?)
relevant to the understanding of factors that limit peak
exercise capacity to determine the vasodilator response in
the calf rather than in the forearm (6) . Accordingly, the
present study was undertaken to measure peak reactive
hyperemic blood flow in the calf and forearm of normal
subjects and patients with congestive heart failure and to
correlate peak reactive hyperemic ! c Fponse with peak aero-
bic capacity in the latter group .
Methods
Study patients. Forty men and six women with stable
congestive heart failure whose age and left ventricular
ejection fraction averaged 5&5 ± 1 .4 years and 25
.8 ± 1 .1%,
respectively, were studied . Their peak oxygen uptake aver-
aged 13 .9 = 0.5 mYkg per min (range 7 .6 to 21 .0)
. Congestive
heart failure was due to ischemic cardiomyopathy in 21
patients and nonischcmic cardiomyopathy in 25 . No patient
had peripheral edema or vascular disease . Forty-one of the
46 patients were treated with furosemide, 35 with an angio-
tensin-convertiug enzyme inhibitor and 22 with digoxin .
Medications were withheld the morning of the study .
Five men and two women matched for age (mean 57 .2 ±
0735-1097,93/36 .00
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4.7 years) who were free of symptoms, were taking no
medications and had normal findings on physical examina-
tion served as normal control subjects . Peak oxygen con-
sumption in this group averaged 29 .8 ± 2.4 ml/kg/min (range
24.1 to 42 .9) .
Plethysmography . Forearm and calf blood flows were
measured in ml/min per 100 ml of limb volume with strain
gauge venous occlusion plethysmography as previously de-
scribed in detail (7,8) . The gauge (Park Medical) was cali-
brated at a tension of 10 g and placed 10 cm from the
olecranon process for the upper limb and at the largest part
of the calf for the lower limb ; it was plu ed into a plethys-
mograph (Park Medical) and signals were recorded on a
Mingocard Ill (Siemens), The upper limb was supinated and
the forearm was elevated 10 cm above the olecranon pro-
cess, which was 10 cm above the heart . The lower limb was
angulated to approximately 300, with the level of the calf
approximately I foot above the heart (9) . Before any mea-
surement in the upper limb was performed, the hand circu-
lation was occluded for - I min (10) using a wrist cuff inflated
to 240 mm Hg. Baseline flow was calculated as the mean of
at least three values . To familiarize the subject with the
technique and to exclude any potentially artificial low val-
ues, a 1-min arterial occlusion was performed (11) . Reactive
hyperemic blood flows were measured after the release of
5 min of arterial occlusion . Blood flows were measured at
5 s, 15 s and then every 15 s until flow decreased . The highest
values were considered the peak reactive hyperemic flows
and occurred at either 5 or 15 s . Systemic blood pressure was
measured in the opposite arm by cuff, and mean arterial
pressure was derived as the sum of diastolic blood pressure
plus one third of the pulse pressure Forearm rrsistances
(mm Hg/ml per min per 100 ml) were calculated by dividing
the mean arterial pressure by the forearm blood flow . After
flow decreased to baseline values (usually 5 min), a second
hyperemic response was produced and recorded . The high-
est flow level recorded was selected for analysis,
o consumption measurements. Exercise test-
ing was performed with the subject upright on a bicycle
ergometer (Ergoline 8005, Ergometrics, Bitz Allemagne),
with feet secured to the pedals . The initial work load was
0 W. The load was increased according to a ramp protocol,
with increments of 10 W/min for patients with congestive
heart failure and 20 Wimin for normal subjects . Patients
pedaled at a frequency of at40 rpm . Cuff blood pressure, an
electrocardiogram (ECG) and heart rate were monitored
with the patient in the sitting position before and throughout
the exercise protocol and during recovery, Expired gas was
analyzed at rest and throughout exercise using the Medical
Graphics CPX metabolic cart, which was calibrated within
I h of testing. Oxygen uptake, carbon dioxide production
and minute ventilation were determined at 15-s intervals
.
Peak oxygen uptake was defined as the highest value ob-
tained in the last minute of exercise,
Data analysis. All data are reported as mean value
SEM
. Least-square regression was
3
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Figure 1 . Peak hyperemic blood flow induced by arterial occlusion
for 5 min in the forearm and calf of patients with congestive heart
failure (CHF) of variable severity (that is, peak oxygen consumption
ranging from 7 .6 to 21 .0 ml/kg per min) and age- and gender-matched
normal subjects (NI) .
blood flow, forearm blond flow and peak oxygen consump-
tion in the group of patients with congestive heart failure . An
unpaired two-tailed t test was used to compare peak reactive
hyperemic flows in the calf and forearm in normal subjects
and patients with congestive heart failure . A p value < 0.05
was considered significant .
Results
Regional hyperemic responses . Normal subjects versus
patients with congestive heart failure . Calf peak reactive
hyperemic flow was substantially lower in patients with
congestive heart failure than in normal subjects, whereas
forearm peak reactive hyperemic flow was similar in both
groups (Fig . 1). Mean systemic pressure during forearm and
calf peak reactive hyperemic responses was similar in the
patients with heart failure and normal subjects (86 .3 ± 2.0
vs. 88.1 ± 2.9 mm Hg and 84.2 ± 2 .8 vs. 86.7 ± 2.4 mm Hg,
respectively) . Minimal calf vascular resistance after isch-
emia was greater in patients with congestive heart failure
than in normal subjects, whereas minimal forearm vascular
resistance values were similar (4.14 ± 0.21 vs. 2.93 ±
0.44 mm Hg-ml per min per 100 ml, p < 0 .05 and 2 .40 ± 0.28
vs. 2.58 ± 0.16 mm Hg-ml per min per 100 ml, p = NS,
respectively) .
Relation to peak oxygen consumption in patients with
Congestive heart failure. Calf peak reactive hyperemic flow
was linearly related to peak oxygen consumption (r = 0 .58,
n 46, y = 0.3), + 7.0, p < 0 .0001), but forearm peak
reactive hyperemic flow was not (r = 0 .06, n = 46, p = NS)
(Fig. 2). Similarly, minimal calf resistance was linearly
related to peak oxygen consumption (r = 0.34, n = 46, y =
0.8x + 17 .3, p < 0.05), but rlinimal forearm resistance was
not (r = 0.03, n = 46, p = 0.83) .
Peak oxygen consumption was inversely related to age
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Figure  2. Calf peak reactive hyperemic blood flow
induced by arterial occlusion for 5 mils is linearly
related to peak oxygen consumption (V02) in 46 pa-
tients with congestive heart failure of variable severity .
(r = 0.38, n = 46, y = O .lx + 22, p < 0 .01), but when a
stepwise regression was performed relating age, calf peak
reactive hyperemic flow and peak oxygen consumption, calf
peak reactive hyperemic flow was the single most important
determinant of peak oxygen consumption . Calf blood flow at
rest was linearly related to peak oxygen consumption (r =
0.44, n = 46, y = 1 .1x + 10.5, p = 0.0023), but forearm blood
flow at rest was not (r = 0.063, n = 46, p = NS) .
Relation between calf and forearm peak reactive hyper
ernie
flow
in patients with congestive heart failure
. Forearm
and calf peak reactive hyperemic flow vere not related (r =
0.07, n = 46, p = NS) (Fig . 3) . At rest, the flow obtained in
patients with congestive heart failure was lower than that
obtained in normal subjects in the calf (3 .07 ± 0.20 vs .
4.36 ± 0.75 ml/min per 100 ml, p < 0 .05), but not in the
forearm (3 .65 ± 0.30 vs . 3 .37 ± 0 .53 ml/min per 100 ml, p =
NS). However, the difference in calf and forearm vascular
resistance at rest between normal subjects and patients with
congestive heart failure did not reach statistical significance .
Discussion
The present study demonstrates that 1) calf peak reactive
hyperemic flow is substantially lower in patients with stable
Figure 3. Calf peak reactive hyperemic blood flow induced by
arterial occlusion does not correlate with forearm peak reactive
hyperemic blood flow in 46 patients with congestive heart failure .
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congestive heart failure of variable severity than in normal
subjects matched for age and gender ; 2) calf peak reactive
hyperemic flow correlates significantly with peak oxygen
consumption, whereas forearm peak reactive hyperemic
flow does not ; and 3) calf and forearm peak hyperemic
responses are clearly different .
Possible mechanisms of regional vascular specificity. The
mechanisms responsible for the regional specificity of the
limb peak hyperemic response are unknown, but physical
deconditioning may play a role. When exertional symptoms
become severe, patients tend to curtail strenuous activities
that involve large skeletal muscle mass of the lower limbs . In
contrast, activities with the upper limbs, which involve less
muscle mass, are
less likely to be affected by exertional
symptoms . Reconditioning of the lower limbs probably
reduces peak reactive hyperemia in patients with congestive
heart failure in a manner similar to that demonstrated by
Sinoway (12) in normal subjects . In view of the significant
relation between calf peak reactive hyperemic flow and peak
oxygen consumption, the vascular abnormalities of the
lower limbs seem to progress as patients become more
symptomatic .
However, vascular abnormalities in the lower limbs are
not the only factors responsible for the reduced peak aerobic
capacity in patients with congestive heart failure . They
compound the limitations already imposed on exercise ca-
pacity by symptoms and a reduced cardiac output response
to exercise. At an advanced stage of the syndrome, periph-
eral vascular abnormalities may become the predominant
limiting factors to peak aerobic capacity in addition to skeletal
muscle atrophy and abnormal metabolism (13). The failure to
enhance peak aerobic capacity witb short-term administration
of dobutamine despite an immediate increase in peak cardiac
output attained during exercise supports the importance of
peripheral factors in limiting peak exercise performance in
patients with severe congestive heart failure (14,15).
Vascular abnormalities of the lower limbs may be in part
secondary to a chronic reduction in limb blood flow that in
turn may depress vascular endothelium function, which
involves both resistance and conductance vessels (16-20)
.
Conversely, intense physical training appears to enhance
1402
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endothelial function in normal subjects (21)
. At the end stage
of the syndrome when cardiac output is depressed not only
during exercise but also at rest, with preferential perfusion of
essential organs at the expense of the skeletal muscles,
vascular abnormalities may then develop in the upper limbs .
The disparity between the findings of Zeus et al . (1,2) and
Sinoway et al . (21), who reported a decrease in the hyper-
em, ie response of forearm vasculature, and those of Wilson
et al . (3), Arnold et al . (4) and Massie et al .
(5), who did not,
may thus reflect differences in the patient groups studied by
these investigators.
Sympathetic activity, which is consistently increased in
patients with congestive heart failure, may affect forearm
and calf vasomotor tone (22,23) . Of note, mental stress
increases sympathetic activity in the peroneal nerve but not
the brachial nerve (24) . Although peak reactive hyperemia is
independent of sympathetic tone, chronic adrenergic stimu-
lation may alter the baseline characteristics of the lower limb
vasculature and thereby may indirectly affect the peak
reactive hyperemic response .
StWY limitations. Blood flow at rest in the calf was
significantly lower than in the forearm . When measured by
venous occlusive plethysmography, limb flow is normalized
for volume. Nevertheless, replacement of myocytes by
fibrous and fatty tissue may in part explain the reduced
perfusion in the calf skeletal muscle (13) .
Con ionss. Our data point to a quantitative difference
in the hyperemic response of the forearm and calf vascula-
ture in patients with congestive heart failure . Moreover, the
calf peak reactive hyperemic flow significantly correlates
with peak oxygen consumption, whereas forearm peak re-
active hyperemic flow does not .
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